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THE  EFFECTS  OF  THE  INFUSION  OF  STROMA-FREE  HEMOGLOBIN 

INTO  DOGS  WITH  SPLEENS 

Valeri  CR,  Pivacek  LE,  Cassidy  G,  Gray  A 

ABSTRACT 

Stroma-free  hemoglobin  (SFH)  solutions  may  be  useful 
as  a  resuscitative  fluid  having  oxygen-transporting 
capacity.  SFH  modified  by  intramolecular  and  intermolecular 
cross linking  has  been  shown  to  have  longer  vascular 
rentention  times.  Potential  problems  with  the  infusion  of 
SFH  include  vasoconstrictor  effects,  renal  toxicity, 
increased  methemoglobin  levels,  and  disseminated 
intravascular  coagulation. 

In  the  study  reported  here,  the  intravascular 
retention  of  crosslinked  (bis  3 , 5-dibromosalicyl  fumarate) 
human  hemoglobin  (DBBF)  and  unmodified  bovine  hemoglobin 
(BSFH)  and  BSFH  modified  by  glutaraldehyde  crosslinking  were 
measured  in  dogs  with  spleens.  The  effects  on  hemodynamics, 
hematological  parameters,  coagulation  system,  and  renal 
function  were  assessed. 

The  initial  hemoglobin  levels  following  infusion 
ranged  from  900-2700  mg/dl  with  an  intravascular  recovery  of 
30-61%.  The  circulation  of  DBBF  was  longer  than  either 
modified  or  unmodified  BSFH.  Thirty-eight  percent  of 
infused  DBBF  remained  circulating  at  24  hours,  whereas  only 
16  to  24%  of  the  BSFH  solutions  circulated  at  6  hours. 
Hemoglobinuria  was  not  detectable  after  DBBF  infusion. 
However,  hemoglobinuria  was  present  within  30  minutes  after 
infusion  of  both  unmodified  and  modified  BSFH,  indicating 
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that  the  crosslinking  of  BSFH  did  not  diminish  urinary 
excretion. 

All  three  solutions  were  associated  with  increases  in 
total  peripheral  resistance  and  mean  arterial  pressure 
following  infusion,  indicating  the  presence  of 
vasoconstrictor  activity.  There  were  no  indications  of  renal 
toxicity  or  disseminated  intravascular  coagulation 
associated  with  any  of  the  three  hemoglobin  solutions. 
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INTRODUCTION 

Stroma-free  hemoglobin  (SFH)  solutions  have  oncotic 
properties  and  the  capacity  to  transport  oxygen  and  have  a 
potential  use  as  a  resuscitation  fluid.  Concerns  in  the  use 
of  a  SFH  solution  as  a  blood  substitute  include 
vasoconstrictor  effects1-6,  kidney  toxicity,  sterility  and 
endotoxin  content,  methemoglobin  levels,  and  the  potential 
to  precipitate  disseminated  intravascular  coagulation. 

When  a  large  amount  of  free  hemoglobin  is  present  in 
plasma,  the  haptoglobin  binding  capacity  is  saturated,  and 
the  excess  free  tetrameric  hemoglobin  molecules  dissociate 
into  dimers  and  monomers,  which  are  excreted  through  renal 
glomerular  filtration  into  the  urine7-8.  In  order  to  reduce 
renal  excretion  and  improve  intravascular  retention, 
intramolecular  and  intermolecular  crosslinking  of  stroma 
free  hemoglobin  using  chemical  modification  has  been 
developed  to  decrease  the  dissociation  of  the  tetramers8-9 . 

We  have  assessed  the  effects  of  the  infusion  of 
crosslinked  (3,4  bis  dibromosalicyl  fumarate)  human  stroma- 
free  hemoglobin  and  unmodified  bovine  stroma-free  hemoglobin 
and  crosslinked  (glutar aldehyde)  bovine  stroma-free 
hemglobin  on  hemodynamics,  hematological  parameters,  the 
coagulation  system,  and  renal  function.  The  intravascular 
retentions  of  the  stroma-free  hemoglobin  solutions  were 
measured  in  dogs  with  spleens. 
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OBJECTIVE 

Assessment  of  the  effects  of  infusion  of  human 
diasprinated  (3,5  bis  dibromosalicyl  fumarate)  stroma-free 
hemoglobin  (DBBF)  and  modified  and  unmodified  bovine 
stroma-free  hemoglobin  (BSFH)  on  hemodynamics,  hematological 
parameters,  coagulation  system  and  renal  function. 

The  clearances  of  DBBF  produced  by  Baxter 
Laboratories,  Deerfield,  IL.  and  unmodified  BSFH,  Oxypure, 
and  modified  BSFH,  Hemopure,  produced  by  Biopure  Company, 
Boston,  MA. ,  were  measured  in  dogs  with  spleens. 
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METHODS 

Six  nonsplenectomized  dogs  weighing  between  20  and  24 
kilograms  were  studied.  Two  dogs  were  infused  with  a 
solution  containing  39g  of  human  DBBF  stroma  free  hemoglobin 
(SFH) ,  two  dogs  received  40g  unmodified  BSFH,  and  two 
received  42g  of  modified  BSFH. 

Experimental  Design 

On  the  morning  of  the  study  the  dogs  were  sedated  with 
approximately  3.8  mg/kg  of  acepromazine  given  orally  or  with 
2.8mg/kg  given  im.  General  anaesthesia  was  maintained  with 
sodium  pentathol  throughout  the  study,  and  muscle  relaxation 
was  ensured  with  pancuronium.  Catheterization  of  a  femoral 
artery  with  a  20  gauge  catheter  was  performed  to  permit 
direct  measurement  of  mean  arterial  pressure  and  sampling  of 
arterial  blood.  Catheterization  of  a  femoral  vein  with  a  16 
gauge  catheter  was  also  performed  to  permit  withdrawals  of 
blood  samples  and  administration  of  fluids  and  drugs.  All 
dogs  were  intubated  1  hr  prior  to  each  experiment  and  were 
mechanically  ventilated  on  room  air  throughout  the  study. 

Measurements  were  made  of  the  mean  arterial  pressure 
(MAP) ,  central  venous  pressure  (CVP) ,  mean  pulmonary 
arterial  pressure  (MPAP) ,  cardiac  output  (CO) ,  and  heart 
rate,  and  blood  samples  were  obtained  before  infusion  of 
SFH,  and  at  10,  20,  and  40  minutes  and  1,2,4  and  6  hours 
following  the  infusion  for  measurement  of  arterial  and 
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venous  oxygen  content,  arterial  ph,  arterial  blood  gases, 
hemoglobin,  hematocrit,  white  blood  cell  count,  platelet 
count,  creatinine,  urea  nitrogen  (BUN) ,  plasma  hemoglobin, 
plasma  methemoglobin,  fibrinogen,  factor  VIII,  and  fibrin 
degradation  products  .  In  addition,  some  blood  sample 
measurements  were  performed  at  24,  48,  72  hours  and  8  days 
following  transfusion.  Urine  volumes  were  recorded,  and  urea 
and  creatinine  levels  were  measured  and  clearances 
calculated. 

Cardiac  ouput  was  measured  by  the  thermal  dilution 
method10  using  a  cardiac  output  computer  (Instrumentation 
Laboratories,  Lexington,  MA) .  The  mean  of  triplicate 
measurements  of  body  weight  was  used  to  calculate  the 
cardiac  index  (Cl) .  Total  peripheral  resistance  was 
calculated  from  the  difference  in  pressure  divided  by  the 
flow. 

Blood  gas  and  pH  measurements  were  made  with  standard 
electrodes  and  were  corrected  for  body  temperature.10 
Hemoglobin  and  percent  saturation  were  measured  by 
spectrophotometry  (IL2,  CO-Oximeter).  Oxygen  content  was 
calculated  from  the  oxygen  tension  and  saturation.  Oxygen 
consumption  (Vo2)  was  calculated  from  the  arterial  and  mixed 
venous  oxygen  content  and  the  Cl  using  the  Fick  equation, 
and  C02  production  was  calculated  from  arterial  and  venous 
C02  content  and  the  Cl.  The  Berggren  formula  was  used  to 
calculate  the  physiologic  shunt  Qs/Qt  during  50%  oxygen 


breathing.  The  physiologic  dead  space  fraction  VD/Vt  was 
calculated  from  arterial  and  mixed  expired  C02  tensions. 
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The  hemoglobin  levels  in  the  post  infusion  plasma 
samples  were  measured  by  the  cyanmethemoglobin  method 
modified  by  decreasing  the  sample  dilution  (Boehringer 
Mannheim  Diagnostics,  Houston,  TX) .  When  plasma  hemoglobin 
concentrations  were  below  500  mg/dl,  the  measurements  were 
repeated  using  a  dual  beam  spectrophotometric  method9. 
Methemoglobin  measurements  were  made  using  the  Co-Oximeter 
(Instrumentation  Laboratories,  Lexington,  MA,  Model  282) . 

Factor  VIII  and  fibrinogen  levels  were  determined 
using  the  Coag-A-Mate  automated  clotting  instrument  (Organon 
Teknika,  Morris  Plains,  NJ) .  Fibrin  degradation  products 
were  estimated  using  a  Staph  Clumping  Test  (Sigma  Chemical, 
St  Louis,  MI) . 

The  clearance  of  the  SFH  was  calculated  from  the  total 
infused  hemoglobin,  the  measured  plasma  hemoglobin  values 
following  transfusion,  and  the  plasma  volume  of  the 
recipient  dog  estimated  from  weight  and  previous  51CR  blood 
volume  measurements.  Changes  in  the  dog's  plasma  volume  due 
to  fluid  infused  during  the  study  were  estimated  from 
changes  in  the  hematocrit  values. 


RESULTS 


The  mean  1  hour  intravascular  recovery  of  human  DBBF 
SFH  was  51%  of  the  total  infused  and  the  halftime  of  this 
component  was  approximately  30  hours.  The  intrasvascular 
retention  of  the  total  infused  DBBF  SFH  at  24  hours  measured 
in  one  dog  was  38%  (Figure  1,  Table  la.).  There  was  no 
detectable  hemoglobin  excreted  in  the  urine  during  the  24 
hours  following  the  infusion  of  the  DBBF  SFH  (Table  Id) . 

There  was  30%  methhemoglobin  present  in  the  plasma 
during  the  first  30  minutes  following  the  infusion  of  the 
DBBF  SFH,  which  reflected  the  25%  present  in  the  infused  SFH 
(Figure  4,  Table  la). 

The  initial  1  hour  intravascular  recovery  of 
unmodified  BSFH  was  39-62%  of  the  total  infused  and  the 
halftime  of  this  component  was  4  to  6  hours.  The 
intravascular  clearance  of  modified  BSFH  was  similar  to  the 
unmodified  BSFH,  with  a  1  hour  recovery  of  29-56%,  and  a 
halftime  of  4  to  6  hours  for  this  component  (Figures  2,  and 
3,  Tables  2a  and  3a).  The  intravascular  retention  of 
unmodified  and  modified  BSFH  over  the  ensuing  24  hours  was 
much  lower  than  that  of  the  DBBF. 

The  circulating  methhemoglobin  was  2-3%  following  the 
infusion  of  unmodified  BSFH,  and  2-4%  following  modified 
BSFH  (Figures  5  and  6,  Tables  2a  and  3a). 

In  contrast  to  the  DBBF  experiments,  excretion  of  the 
SFH  began  within  30  minutes  after  the  infusion  of  either 
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unmodified  or  modified  BSFH  (Tables  2d  and  3d) .  Hemoglobin 
was  present  in  the  urine  24  hours  after  the  infusion  of 
modified  BSFH,  but  none  was  detectable  24  hours  after  the 
infusion  of  unmodified  BSFH. 

Serum  BUN  and  creatinine  levels  decreased  immediately 
following  the  infusion  of  DBBF  SFH  and  unmodified  and 
modified  BSFH,  reflecting  hemodilution  in  the  dogs  as  shown 
by  the  hematocrit  values  (Figures  7  -  15,  Tables  lb, 2b  and 
3b)  .  The  serum  BUN  and  creatinine  levels  increased  again  at 
24  hours  and  48  hours  after  infusion.  The  increases  in  BUN 
ranged  from  25  to  50%  higher  than  the  pre-transfusion 
levels.  The  increased  levels  were  explained  by  separate  in- 
vitro  experiments  which  showed  that  a  1000-2000  mg/dl 
concentration  of  serum  hemoglobin  increased  the  measured  BUN 
level  by  up  to  41%. 

Reduced  concentrations  of  both  BUN  and  creatinine  were 
noted  in  the  urine  during  the  first  6  hours  following  the 
infusions  of  DBBF  SFH  and  BSFH  (Tables  Id,  2d  and  3d) .  Renal 
function  measured  using  BUN  and  creatinine  clearance  were 
variable,  with  no  apparent  correlation  to  the  transfusions. 

The  arterial-venous  differences  in  oxygen  content, 
oxygen  extraction  ratios,  and  oxygen  consumption  were  well 
maintained  following  infusion  of  DBBF  SFH  and  unmodified  and 
modified  BSFH.  Hemodynamically,  all  the  dogs  except  one 
responded  to  SFH  infusion  with  increases  in  total  peripheral 
resistance  and  mean  arterial  pressure,  and  reductions  in 
cardiac  index  and  heart  rate  (Tables  le,  If,  lg,  2e,  2f,  2g, 
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3e,  3f  and  3g) .  The  exception  was  a  dog  infused  with 
unmodified  SFH,  and  in  this  dog,  the  mean  arterial  pressure 
dropped  by  60%  to  81  mmHg  at  6  hours  following  infusion. 

Decreases  in  plasma  fibrinogen  levels  and  factor  VIII 
activity  were  observed  after  each  of  the  SFH  infusions,  with 
subseguent  increases  to  levels  exceeding  those  at  baseline. 
Fibrin  degradation  products  increased  slightly  at  24  hours 
(Tables  lc,  2c  and  3c) . 
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DISCUSSION 

The  initial  plasma  hemoglobin  levels  in  dogs  infused 
with  human  DBBF  SFH  solution  and  unmodified  and  modified 
BSFH  solutions  ranged  from  900-2700  mg/dl. 

The  initial  intravascular  recovery  of  the  three 
stroma-free  hemoglobin  solutions  during  the  first  hour 
following  infusion  were  similar  and  range  from  30-61%. 

During  the  subsequent  6  hours,  the  circulating  levels  of  the 
DBBF  SFH  remained  stable  at  approximately  50%,  but  the 
unmodified  and  modified  BSFH  were  cleared  faster  with  16  to 
24%  circulating  at  6  hours.  Twenty-four  hours  following 
infusion,  38%  of  the  DBBF  SFH  remained  circulating,  and 
during  the  24  to  72  hour  period  following  infusion,  more  of 
the  DBBF  SFH  remained  circulating  than  either  the  unmodified 
or  modified  BSFH. 

There  was  no  detectable  hemoglobinurina  following  the 
infusion  of  DBBF  crosslinked  SFH,  however,  crosslinking  of 
the  modified  BSFH  did  not  prevent  rapid  urinary  excretion. 
Hemoglobinuria  was  present  within  30  minutes  following 
infusion  of  both  the  unmodified  and  modified  BSFH. 

The  25%  methemoglobin  present  in  the  infused  DBBF  SFH 
was  reflected  in  a  high  post  infusion  methemoglobin  level 
which  was  cleared  along  with  the  oxyhemoglobin. 

The  increased  total  peripheral  resistance  and  mean 
arterial  pressure  that  occured  following  the  infusion  of  the 
DBBF  SFH  and  BSFH  indicated  the  presence  of  vasoconstrictor 
activity  as  described  by  other  investigators1”6.  The 
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infusion  of  the  hemoglobin  solutions  did  not  produce  any 
renal  toxicity  that  could  be  detected  from  the  BUN  and 
creatinine  levels  in  plasma  and  urine,  and  assays  of  the 
coagulation  system  determined  that  disseminated 
intravascular  coagulation  was  not  present. 

The  experiments  in  the  dog  have  provided  information 
concerning  the  relative  retention  and  excretion  of  modified 
and  unmodified  hemoglobin  solutions,  their  vasoconstrictor 
properties,  and  their  effects  on  the  coagulation  system  and 
the  kidneys. 
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FIGURE  1 


The  intravascular  retention  of  human  DBBF  stroma-free 
hemoglobin. 
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FIGURE  2 

The  intravascular  retention  of  unmodified  bovine  stroma-free 
hemoglobin. 


RECOVERY  OF  UNMODIFIED  BOVINE  SFH 
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FIGURE  3 

The  intravascular  retention  of  modified  bovine  stroma— free 
hemoglobin. 


FIGURE  4 


Intravascular  methemoglobin  levels  following  infusion  of 
human  DBBF  stroma-free  hemoglobin. 


FIGURE  5 


Intravascular  methemoglobin  level  following  infusion  of 
unmodified  bovine  stroma-free  hemoglobin. 
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FIGURE  6 


Intravascular  methemoglobin  levels  following  infusion  of 
modified  bovine  stroma-free  hemoglobin. 
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FIGURE  7 


Peripheral  venous  hematocrit  following  infusion  of  human 
DBBF  stroma-free  hemoglobin. 
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FIGURE  8 


Peripheral  venous  hematocrit  following  infusion  of 
unmodified  bovine  stroma-free  hemoglobin. 
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FIGURE  9 

Peripheral  venous  hematocrit  following  infusion  of  modified 
bovine  stroma-free  hemoglobin. 


FIGURE  10 


Plasma  BUN  following  infusion  of  human  DBBF  stroma-free 
hemoglobin. 
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FIGURE  10 


FIGURE  11 


Plasma  BUN  following  infusion  of  unmodified  bovine  stroma- 
free  hemoglobin. 
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FIGURE  12 

Plasma  BUN  following  infusion  of  modified  bovine  stroma-free 
hemoglobin. 


FIGURE  13 


Plasma  creatinine  following  infusion  of  human  DBBF  stroma- 
free  hemoglobin. 
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FIGURE  14 


Plasma  creatinine  following  infusion  of  unmodified  bovine 
stroma-free  hemoglobin. 
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FIGURE  14 


FIGURE  15 


Plasma  creatinine  following  infusion  of  modified  bovine 
stroma-free  hemoglobin. 
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